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This report provides insight into a problem that has perplexed Army aviation reliability
and maintainability specialists; i.e., obtaining correlation between field-reported cause of
failure and actual cause of failure. Through correlation of equipment improvement
recommendations (field perception of cause of failure ) and disassembly inspection reports
(DIR) (actual cause of failure), some understanding is presented of the adequacy of
field personnel to accurately describe the actual cause of a failure .

There is no feedback of DIR or other teardown analysis results into the Army’s mainte-
nance data system. Hence, data that would be very useful to new development or
product improvement programs are not readily available to engineers except by an exten-
sive data gathering and analysis effort.

The reader is cautioned that the sample size for some of the judgements made in this
report are small and hence are suspect. However, this report does provide a basis for a
more thorough analysis of the utility of the current Army aircraft maintenance data
gathering and analysis programs.
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I. INTRODUCTION

BACKGROUND

Personnel concerned with the operation and support (O~ S) of
Army aircraft have long recognized the advantages of monitor-
ing equipment performance to maintain the highest standards
of equipment integrity in the operating environment(s). There
is of course a corresponding interest in achieving such standards
of integrity at reasonable dollar expenditure .

Current techniques of condition monitoring include relatively
formal methods of measuring such key parameters as eng ine
temperature , oil pressure and contamination , engine RPM , etc.
These also include relatively informal methods such as pilot
attention to excessive vibration or unusual noise . The composite
of such information is being continuously reviewed by the pilot . ..
or by unit maintenance personnel , and serves as a basis for a
continuing overall assessment of equipment condition . Thus ,
the information base currently being generated on aircraft
equipment condition , coupled with the existing criteria and
procedure s for acting on that information , provides the rationale
for an important part of the observed pattern of equipment
removal and/or repair .

The objectives of this study were :

1. To investigate the effectiveness of the
existing diagnostic and condition monitor-
ing (DSCM ) devices , procedures , and tech-
niques in terms of the aircraft downtime
and maintenance support costs.

2. To det ermine the impact of any existing
D8CM -deficiencies on downtime and
maintenance support costs.

3. To identify the most effective D~ CM
techniques.

9
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SCOPE OF STUDY

Within the resources available for this study the emphasis
Was placed on the development of a methodology for such an assess-
men t , and on u limited application of that methodology to speci-
fic compo nents of specif ic aircraft , using data now available S

through Army channels. This approach placed no limitation on
the genera l i ty  of the methodology i t se l f , and care has been taken
to assure that the methods described herein are generally applic-
able to all major equipments on all Army aircraft . Two consider-
ations dominated the selection of a “test bed’3 around which the
investigation was struc tured :

1. The major dynamic ‘on~~onents of an Army
helicopter are critical with respect to
both safety and mission success. An in-
flight failure , generally leads to mission
abort as a minimum , and can result in
maj or accident or injury . Furthermore ,
these components account for 60-80 percent
of direct OCS costs for Army helicopters .
Thus the value of any single D~ CM tech-nique , or any combination of such techniques ,
must be based principally on its usefulness
with respect to the major dynamic components
of the aircraft .

- 
2. rrom the stan~dpclint

e o~ data ~~ailahility, it
was necessary to limit attention to those
aircraft which had been in service for a
sufficient time to generate a reasonably
complete experience base.

From these two considerations , the focus of this study was placed
on the eng ines , transmissions and gearboxes of the UH-1H , AH-1G ,
OH-58A , and CH-’47B/C aircraft . 

S
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II. OVERVIEW OF ANALYSIS LOGIC

DEFINITION OF PROBLEM

As an aircraft undergoes continued utilization in the field ,
each dynamic component in the aircraft carries out its own
individual duty cycle and , as it ages , it ultimately undergoes
a degradation in the quality of its performance. Over a period
of time each component is thus exposed to an increasing risk
that it will prove unserviceable , or will fail catastrophically
while in use.

The removal of a dynamic component may result from any of a
broad range of causes , rang ing from inherent failure of the
equipment to damage from external sources to removal for
administrative reasons. These causes have been grouped by
COBRO for convenience into 13 rñajor~ categories . The br~ a~ dow~ s
of these 13 categories is shown in Section III, p. 23; the
Army ’s Removal Cause Codes are shown in Appendix A , subdivided

F into the 13 categories. The significant removals from the
standpoint of diagnostics are those relating to inherent fail-
ure , designated by Categories 1-6 and certain types of
Category 7-il removals.

For major dynamic components on the selected aircraft , the Army ’s
MIRF (Major Item Removal Frequency ) report tabulates all removals
and indicates the assigned cause for each . The cause code , as
reported by MIRF , represents the summary conclusions drawn by
unit maintenance , under field conditions , making use of all
currently available DFOCM techniques and procedures. It thus
illustrates the de facto field operation of the composite
diagnostic capability currently available at aviation unit
maintenance (AVUM). The conclusions of field personnel may be
correct as to the specific cause of an inherent failure ; they
may be partially correct , in that the component did suffer an
inherent failure but the diagnosis of the specific cause within
that category may be wrong; or they may be wrong--that is , the
removal at the time shown w~ s not valid . If one could compare S
the results of field diagnostics against a diagnostic benchmark
as defined in some way , it would be possible to assess the S

adequacy of the current D~ CM techniques and procedures.

11
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Often major components removed from Army aircraft are forwarded
to depot for a comple te teardown and a detailed engineering
analysis of their condition. The results o~ such an analysis ,

S as documented by the Disassembly and Inspection Reports (DIRs) ,
represent as close an approximation to a ‘~perfect” diagnosisas is currently possible , and thence can be viewed as ~ bench-
mark against which the MIRF-reported diagnosis can be compared .

The logic of the problem for analysis can be visualized by
reference to Table 1. Of all of the components of a given type
(say , engines) which are examined in the field , a subgroup
(Block A) will be removed for what is diagnosed in the field
as one of the six modes of inherent failure . For simplicity,
the breakdown into specific cause codes in Block A is not shown .
A certain fraction of these will ultimately be selected by AVIJM
for engineering analysis at depot , and the DIR findings will
be reported as shown in Blocks A-i , A-2 , and A-3. The engines
falling in Block A-2 represent those which ar’: correctly
diagnosed in the field as having suffered an inherent type of
failure . Those falling in Block A-i should have been removed
earlier , and thus have incurred a cost through stay ing in service

S 
too long , represented by decreased R/A and aircraft safety.
Those falling in Block A-3 represent premature removals , with
a concomitant cost represented by a loss of useful life . For
a perfect field diagnostic system applied to NA eng ines
removed for inherent failure , we would expect the DIR verdicts
to be distributed as follows :

Block A-i A-2 A- 3

Number 0 NA 0

Any deviations from this distribution represent an increase in
cost.

Similarly, Block B represents the complement of Block A , that
is , those engines which were not diagnosed as having suffered
an inherent failure . Thus NB N - NA , where N is the total
number of engines in the fleet . If the NB engines were to be
submitted to depot for diagnosis , we would expect--again assum-
ing perfect field diagnosis--a distribution as follows :

Block B—i B—2 B—3

Number 0 0 NB

Block C (which is logically a subset of Block B) is not applic-
able to the present analysis , since it involves removals for
reasons other than material condition .

12
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The analytic problem to be addressed is to compare the field
assessment of equipment condition against the DIR assessment ;
to evaluate the impact of any differences in terms of the effect
on sys tem R , A , and C; to determine the overall potential for
irn~ rovement of field diagnostics; and to determine which field
diagnos t ic techniques are most valuable in terms of their
contribution to field accuracy.

Because of certain data limitations , the analysis will
necess arily tend to be somewhat biased , with the exception of
those removals due to aircraft accident , etc . The only group
of components which may be selected for teardown analysis are
those which , in the opinion of AVUM personnel, have suffered
a failure . These are represented by row A in Table 1. In
general , those which are presumed by field maintenance not to
have suffered an inherent failure or operational or environ-
mental anomaly are not candidates for DIR. Consequently , any
errors of omission by the field maintenance--where a component
is not removed when it should be removed--will not be caught by
DIR. The removal of this bias is a fairly straightforward
research process , but it will requir e data not now available and
is consequently outside the scope of this study . Recommenda-
tions for expanding the present assessment to include those
components in Row B are presented elsewhere in this report .

Thus , the focus of the present study is on the validity or lack
of validity of field decisions which led to removal of com-
ponents for inherent failure , on the potential for improvement
of those decisions , and on the cost of errors in the decisions .

GENERAL APPROACH TO PROBLEM

Processing of Empirical Field Removal Data

The MIRF data provided , for each component type (e.g., the
AH-lG eng ine) , a remove/replace history , which as a sequence
of actions over time is shown in Figure 1. Each interval
represent s , for that component , a “time-between-removals ,”
and the average length of the interval for a given component
is the MTBR for that component .

The distributions for the components were determined by plotting
these individual removal intervals on Weibull graph paper and
fitting a straight line to the resultant points. The slope and
intercept of that line provided a basis for estimating the
parameters of the Weibull distribution which best described
the life characteristics of that component . A typical Weibuil
plot is shown in Figure 2. The Weibull plots for all components
in the study are incorporated in Appendix B for reference .

14
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Analysis of R, A, C Consequences of De Facto Field Removals

The data processing steps outlined above provided the Weibuli
life characteristics for each component . That information ,
coupled with the plan for use for the component (e.g., its
mission duration , frequency, duty cycle), the support plan (e.g.,
inspection intervals , TBO’s) , and the costs of labor and material
involved in each type of maintenance/removal action , provided
the input information base necessary for application of the
Army ’s An~~ ytic Methodology for System Evaluation and Control
(AMSEC). ~~

. This methodology was used to deliver as output
predictive estimates of component/system reliability (R), avail-
avility (A), and life cycle direct support cost (C). Thus , an
estimate was obtained of R/A/C corresponding to the de facto
field removal policy for components.

Development of Pseudo-DA Form 2410s for removal as Designated
by DIRs S

The DIRs provided a basis for generating a set of pseudo-DA Form
2410 reports documenting the number of flight hours when the
component would have been removed if AVUM had had the available
information from the teardown analysis. The Set of pseudo—
DA Form 24lOs thus show the removal times which would have been
experienced if DIR diagnostic capability had been available to
AVUM .

To determine the removal times for the pseudo—DA Form 2410s ,
three different cases were considered :

1. The DIRs agree with the field removal actions
(Block A-2 , Table l)--In these cases the
actual flight hours at removal , as reported by
MIRF , were carried over into the pseudo-DA
Form 2410 documentation.

2. The DIRs indicate that the field removals
were made too early--that is, the components
had a residual life which should have been
utilized but was not . In these cases the
actual removals were redistributed forward
over time , and their pseudo removal was
delayed until a time which would have been
designated by AVUM , assuming that AVUM had
had available the DIR teardown findings . A
mathematical algorithm was developed for
accomplishing this redistribution (see

For a full description of AMSEC , see COBRO Corporation TR 9—1 14,
“AMSEC User ’s Guide ,” June 1976 , published by USAAVSCOM ,
St. Louis , Missouri.

17

__ ________ S



S ~~ S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

Section IV) and the new removal times
were carried forward to the pseudo-
MIRF documentation .

3. The DIR indicates that the field removals
should have been made earlier——in such
cases the actual removals could be re-
distributed backward over time through the
use of an algorithm analogous to that
developed for case 2 above . However , under
existing procedures DIRs are only carried
out on components which are presented by
AVUN as having already failed . Components
not thought by AVUM to have failed are
not reviewed by DIR , so there is no
opportunity for the DIR to recommend a
removal for a component still in service.
Thus , case 3 did not occur in the data
under investigation.

Processing of Pseudo-DA Form 2410s

The set of pseudo-DA Form 2410s developed through the preceding
steps was provided in a format identical to that of true MIRFs.
Processing of this data to obtain the MTBR and Weibull life
characteristics was carried out in the same way . The Weibull
plots developed from the pseudo-DA Form 24l0s are included in

S Appendix B.

Analysis of Consequences of DIR-Dictated Field Removals

The Weibull life characteristics for each component , as generated
from the pseudo-DA Form 2410s, were next entered into the AMSEC
methodology , and estimates were developed for the projected R/A/C
under the assumption that a diagnostic capability equivalent to
that represented by the DIR was available at AVUM .

Comparison of ANSEC Outputs

A comparison was made between the projected R/A/C values under
the existing field diagnostic situation and the corresponding
R/A/C values as projected for the “near-perfect” (DIR) field
diagnostic situation . On this basis an estimate was provided
of the potential for improvement in R/A/C if field diagnostics
were improved. The logic flow for this entire sequence of steps S

is shown in Figure 3. The results of the analysis are shown
in Section V. It should be kept in mind that the savings shown S

by this comparison are based only on the false-alarm errors at
AVUM ; an estimate of the improvement that could be attained
through removal of false-clear errors--where AVUM concluded

18
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that operation was satisfactory where in fact the diagnosis
should have called for removal-—would require data not now
available . Thus , the comparisons made in this study do not
show the maximum improvement which potentially could be real-
ized since the data is limited to only removals generated by
some indication . The results do indicate the maximum diagnos-
tic effectiveness which could be realized at the unit mainten-
ance level and the associated dollar savings if this effective-
ness could be instituted at the AVUM level.

Relative Effectiveness of Current Diagnostic Techniques,
Procedures

A statistical analysis was made of the data base for this pro-
ject to determine the relative effectiveness of different
diagnostic techniques and procedures now in use , in terms of
their validity as an indicator of time-for-removal . Each of
the primary indicators which actually led to the removal of a
component was evaluated as to the validity of that removal in
light of the DIR findings . The results are tabulated in
Section V.

Auxiliary Analyses

Several secondary analyses of the data base were carried out
as a by-product of the study , and are documented in Section V.
These include:

• The various types and degrees of mishaps ,
as reported by accident an~ mishap reports ,were examined to determine for each the most
dominant first indication of trouble (FIT).

• A breakdown was developed to show the percent of
removals which were valid for each component by
authorization type .

20
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I I I .  DATA SOUR CES AND COLLE CTI ON TE CHNIQ UES

Five major sources of data were identified which had a direct
bearing upon the analysis. A detailed review and assessment
of these sources was made with respect to the aircraft/com-
ponents under investigation . A description of these sources ,
along with any additional information surrounding the tech-
niques used and/or the problems encountered , follows .

MAJOR ITEM REMOVAL FREQUENCY (MIRF) REPORTS

The basic input information on which this study draws is the
MIRF report data as derived from the Army Maintenance Manage-
ment System (TAMMS) DA Form 2410. The MIRF reports present a
computerized listing of the total number of removals by removal
cause (as determined by the aviation unit maintenance level)
for all 2410 components as reported through TAMMS . These list-
ings also distribute each of the removal causes into flight-
hour increments (every 100 hours) over which an item operated
before it was replaced. This information is separated to pro-
vide removals for both new items and for those that have been
previously overhauled .

The MIRF data provides a basis for an estimate of the inherent
life characteristics of each of the major components by removal
cause category . Parameters of interest include the mean life
of the component with respect to a given removal cause and the
probability that the component will survive for a given use
period ; e.g., half its mean life . Together , assuming a two
parameter Weibull format , these parameters define the shape
of the life distribution for a component .

The computerized MIRF report listings are available from the
U.S. Army Troop Support and Readiness Command (TSARCOM) , Pro-
duct Assurance Directorate, on a request basis. An example
of the MIRF format is displayed in Table 2.

21
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In order to provide the estimate of the inherent failure life
characteristics of a component , it was firlRt necessary to
categorize the 2410 removal codes into failure and nonfailure
classifications . A numerical listing of the Army ’s reasons
for removal and the removal category to which each was assigned
are presented in Appendix A. Table 3 presents a list of the
13 removal categories used in this analysis. The definitions
of these categories are as follows :

• Categories 1-6 represent removals because
of inherent failure of the component .

• Categories 7-li deal with removals because
of battle casualties or improper mainte-
nance operation .

• Category 12 represents planned removals (TBOs)
in accordance with specified criteria . These
removals represent the impact of maintenance
policy on removal data.

• Category 13 represents removals stemming from
supply convenience and were considered to be
the subject of administrative action .

Failure categories 1-6 represent catastrophic equipment mal-
functions which could impact component mission reliability ,
availability, spares provisioning and cost , and which are the
basis for estimates of the inherent life characteristics of
the component. Also failure categories 1-6 are the one group
that would be significantly impacted by the introduction of new
diagnostic devices. Therefore , this analysis focusses on the
effect of the use of existing or new diagnostic devices on
failure categories 1-6 , and only addresses the nonfailure re-
moval categories 7-11 to the extent that they would have been S

initially classified as failure had diagnostic capability been
available at the removal level.

Table 4 presents a summation of the total number of removals
in categories 1-6 for both new and prior overhauled components
under investigation. This data covers the period 1 January
1964 through 1 July 1976.

DISASSEMBLY INSPECTION REPORTS (DIRs)

The DIR data is currently being reported on Form 391 (See
Figure 4). The generation of a DIR may come about as a result
of one of the following authorizations :

23
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TABLE 3. MAJOR COMPONENT REMOVAL CATEGORIES

01 QUALITY CONTROL
Defect ive Material

02 OBSERVATION
Broken or ma l func t ion ing

03 MEASUREMENT
Out-of—tolerance

O’~ DIAGNOSTICS , INSTRUMENTS
Status tests , measures

OS SEALS , LEAKS
Excessive leaking

06 FAILURE
Phys ical br eak , rupture , seizure

07 MAINTENANCE
Erroneous actions

08 ENVIRONMENT

Foreign object  contaminat ion
09 CRASH , BATTLE ACCIDENT

Physical damage dur ing encounter 
S

10 OPERATIONS
Overstress

11 OTHER
Not covered by above

12 MAINTENANCE
Scheduled actions

13 SUPPLY/CONVENIENCE 
U

Admini stra tiv e, erroneous actions

24 
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1. Equipment Improvement Recommendation (EIR)
exhibits

2. TSARCOM directive

3. U . S .  Army a i rcraf t  mishap

4. U.S. Army Oil Analysis Program (AOAP )

DIR represents a factual failure analysis throuFh engineering,
analytical , and diagnostic procedures. The resuits provide a
detailed account of exactly what item of a particular component
failed and why . For this reason , the DIR was an important
input for th.’ present study, and a significant amount of atten-
tion was focussed upon the retrieval of all pertinent informa-S tion reported. Therefore , a manual review of the information
on Form 391 was made for all available DIRs for the respective
aircraft/components under investigation covering the period
January 1972 through October 1977. The reporting of a tear-
down analysis relating to Army mishaps is provided on Form 9~ 6
(see Figures 5 and 6). All available 946 forms were also re-
viewed and incorporated in the data base.

This DIR data made available a description of the apparent
defect (mechanical fatigue , spalling , etc.) and the conclusions
of the investigating engineer. Also , conclusions and recommend-
ations relating to significant problem areas or trends noted
by the laboratory personnel or the investigating engineer were
available . Data elements extracted from DIRs for this study
are as follows :

a. Aircraft model

b. Component nomenclature and part number

c. Time since new

d. Time since last overhaul

e. Number of preceding overhauls

f. Reason for removal (DA Form 2410)

g. Findings code (B - basic discrepancy,
design; N - maintenance or extrinsic
inducement ; F - foreign object damage;
Z - no discrepancy ; 0 - Other

h. Primary part that failed

27
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S C O N T R O L  NUM BER

TECHNICAL REPORT OF U.S. ARMY A IRCRAFT MISHAP U S A A A V S

T E A R O O W N  A N A L Y S I S
T H E A T E R

1 . A I R C R A F T

MODEL 6. S N o. T IME SINCE N E W  d. T IME SINCE 0 H •, OV ERHAUL ACT IVITY
AND DATE

2. OPERATIO NAL CONTROLI UIC :

3. COMPON ENTS R E C E I V E D ,

b . ~. 4.
NOMENCLATURE P A R T  ‘0 UMHER 

~~~~~~~~~~~~~~~~~~~~~~~~ 
N O PE R A T I N G  ~~‘l,*E

III

12 1

S I~~I

141

SI

I. DATE R E C E I V E D :  q. T RA NS .MO DE~
III L~ LA ND - 2 1  A I R  13 1  ~~~~ SEA
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S •.tJ0000 6. E PooP
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___ ~ O~~E* G N  O !J ECT 

~~~~1 NONE OTIIEN
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~~ii
IJ1o 

~~~IF ‘~NO~’ OR “Ul* I(”. SPECIFY IN BLOCE 80. EX P L A N A T I O N I .

I D E N T I F I C A T I O N  A N D  A. MAJOR COMPONEN T B. P A R T
III STORICA L OA TA ____________________________________ ____________________________________

III , N ONENCLA I RE 
__________________________________ _________________________________

(21. T Y P E , MOOEL , S E RI E S  
_________________________________

131. PORT N U M B E R

(41 , FSN
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16 1 . TM 0*1* ,

~E s::. ~~~~~~~~ 
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IC). 010115 .*I.1’)8t8
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____________________________________
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CON TROL NUMBER

T ECHNICAL REPORT OF U.S . ARMY AI RCRAFT MISHAP 
USA A A V S

TEARDOWN ANALYSIS T H E A T E R

0) TAM MS DATA ~
IA )  MO. OF O V E R H A U L S  

____________________________________

III lIt . SINCE OV E R I V O U L

IC) Vt . SINCE NEW

0) Pit . SINCE L A S T  I N S T A L L .
S CI L A S T  OV E R H A U L  F A C I L I T Y

191 LAST SPECIAL INSPECTION: IIN 0ICATE FOR THESE COMPONE N TI S II

IA )  TY P E

IS) Ot T O
IC) HOURS SINCE

1101 T Y P E  FAILURE 
_______________________________ ________________________________

I I I  CAUSE OF FAILURE

~‘5 1  EIR C CNT RO L  N? J M8ER _______________________________ ________________________________

8 . ANALYSIS

2 
— - P 

____________ 

cON~~~ MI.1~~~~ A U ~ A T~ /E 

— 

~ ILT :R COND .
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~ ~ OI OAT E TAKEN 
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1

,
1~~~~~~~U 1.IC FLUID 
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S B. L A S T  A S OA P  SAMPLE T A K E N  SPEC IFY LAOORATC RYI C. SPECIAL A N A L Y S I S  (SPECIFY LABOPAT CRYI
L A R I  LA B I

AFFECTED DAT E TYPE
COMPON ENT YR MO CAY A/C HR HR SIN CE ITEM A N A L Y S I S  FINOINGS

A I R C R A F T  MISHAP CASE NO. OTHER A I R C R A F T

YR MO DA TIME A / C  S E R I A L  T/M /S S E R I A L

S A V A E  Fop.,, 946. 1 . I Fo b 72

F I G U R E  6 .  T E C H N I C . ; :  .RE P’l R T SF ‘S.S. ARMY . SCRAF T >CISHAP ( R E V F.S )
(TEA.RDOWS ANA ..1’CIS)
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i. Failure code of pr imary part

j .  EIR control number
k .  Even t s  sur rounding  removal if noted

( e . g . ,  excessive vibration)

1. Descr iption of defect

m. Conclusion and recommendations

n .  DIR author izat ion type ( i . e . ,  AOAP ,
EIR)

The number of DIRs reviewed for the components under investiga-
tion by authorization type are summarized in Table 5. This
data covers the period January 1972 through October 197 7 .

EQUIPMENT IMPROVEMENT RECOMMENDATIONS (EIRs)

The EIR is currently being reported on DA Form 2407 (see
Figure 7). The information contained in the EIR provides the
basis for comparison between the series of events surrounding
the removal of the component (evident  monitoring devices ,
diagnostic procedures , e t c .)  and the results  of the f i nd ings
of the analytic teardown from the DIR. All available EIRs
that were identified through the Disassembly Inspection Reports
were retrieved from TSARCOM . Table 6 identifies the number

- of EIRs available from existing TSARCOM data files as compared
with the number identified on the DIRs . Overall , approximately
57 percent of the number of EIRs iden t i f i ed  in the DIRs were

A available in the TSARCOM files. TSARCOM personnel responsible
for the processing of the EIRs gave several possible reasons

S why a large percentage of the EIRs were not available :

• Human error involved in the handling and
processing of the document , both in the
field and at the control center .

• Reassignment of the function to different
engineering groups with different personnel.

Further discussions with personnel in the EIR control group at
S TSARCOM indicate that significant effort would be required to

track down missing EIRs by reviewing the respective Action
Officer ’s records. A number of these missing records may have
already been disposed of, either because the case has been
closed or to provide the space for the 300-plus EIRs that are
being received weekly into the control center.
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TABLE 6. NCMBER OF EC~UIPMENT INPROVIMENT
RECOMMEN DATIONS (EIRs ) 3PEOIFIE~ T M R O U G H  DISA SSEM BL Y
INSPECTION REPORTS (DIRs) AS COMPARED TO EI Rs  AVAILABLE S

FOR REVIEW (PERIOD COVERED: JANUARY 72—OCTOBER 77)

No. FIRs
Aircraft Component Cornpor1ent Specified No . E R..
Model Nomenclature Part Number from DIP Da~~ Avai1&il~

CH—47B Engine , T55L7C 2—000 — 032— 12 6
Eng ine Transthission llc’06001—l3B 2
Fwd. Transmission 13J~D100].— 27 I 2

CH-’~7C Engine , T5SL1IA 2—001 — 022—0 5 12
Engine , T55L7C 2— 000—030— 22 ii
Engine Transmission 11406200-3 0
Fwd . Transmission 114D1200-3 3
Aft Transmission 114D2200—7 1 1

AH—1G 90° Gearbox 209~ 040_ Z4O0_ l1 3 2
Main Transmission 2Q4 — J L~O—215— 5 2.
Eng ine , TS3L13B 1 — C 0 0 — 0 6 0 — 1 O
Engine , T53L13A 1— 000—26 0—08 1 1
42° Gearbox* 204—0 40— 003—3 7 NA NA

‘JH —I H Eng ine , TS 3L 13A 1 — 0 0 0 — 0 6 0 — 0 8  4 2
Eng ine , T53 0 3B 1— 3 0 0 — 0 6 0 — 2 . 0 137 88
90°  Gea rbox 2 0 4 — 0 4 0 — 0 1 2 — 1 3  28 21
Main Transmiss ion 2 0 4 — 0 4 0 — 0 1 6 — 5  6 3
Main Transmission 204— 040—316-3 1 1
Main Transmission 204— 040— 016— 1 1 1
420 Gearbox~ 2 0 4 — 3 4 0 — 0 0 3 — 3 7  NA NA

IM-58A En gine , T63A700  6 8 7 4 2 0 1  123 50
Main Transmission 206—0 40—003— S 5 3
Tail Rotor Gearbox 206-040-400-7 1
Tail Rotor Gearbox 206-040—400-9 2 1

Total 374 213

*1 ~2° Gearbox Not Applicable in this analysis Dcr7ion of report .
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The data elements ex t r ac tcd  from t h~ available EI1~s include :

a.  Circumstances prior to d i f f i c u l ty

b .  Descript ion of ~J i f fi c ult y

c. Cause (as conceived by the aviation
unit maintenance personnel)

d .  Action taken S

e. Recommendations S

These data were matched with the respective DIR results to
provide a complete picture of the effectiveness of the diag-
nostic monitoring devices involved or procedures utilized in
the removal action.

ACCIDENT/MISHAP REPORTS

A review was made of all accident/mishap reports relevant to
the aircraft/component under investigation that have been
identified as a definite or suspected material cause factor .
These reports covered the period January 1972 through September
1974 and were received from the U.S. Army Agency for Aviation
Safety (USAAAVS). They comprise the sanitized output of the
Forms 2397-1 (Summary - Figure 8), 2397-3 (Narrative - Figure
9), and the 2397-7 and 7A (Maintenance and Material Data -
Figures 10 and 11). The quantity of reports by mishap class
for the component under investigation is presented in Table 7.

The primary purpose of incorporating mishap report data into
this analysis is to focus upon the status and sequence of
diagnostic indication(s) or procedures prior to a material
failure-related accident/mishap . The data elements collected
from the USAAAVS mishap reports include :

a. Aircraft model

b . Mishap classification

- precautionary landing
- forced landing
- incident
- minor
- major substantial  damage
- total loss
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c. Est imated cost of damage ( inc ludes  spare
parts and man-hours)

d. Role of maintenance and material failure
in accident

- primary definite
- secondary definite
- primary suspected
- secondary suspected

e. Status of on-board warning systems

- opr’rative , proper indicat ion
- operative , faulty indication
- operative , no indication
- inoperative
- undetermined

f. Indication of failure/malfunction
(This entry reflects the warning indica-
tion received by the aircraft crew of

S 
- 

the failure/malfunction of the component .
Up to 5 warning indicat ions  may be entered ,
with each showing the sequence in which it
was received,) Possible indications are :

— None
- Vibration
— Unusual noise
- Unusual a t t i tude
- Faulty operat ion
- Odor
- Fluid leakage
- Smoke or f ire
- Other personnel
- Master warning light

S - Annunciator panel
- Voice warning
- Fire warning light
- Warning horn
- RPM warning l igh t / aud io
-

‘ 
RPM warning instrument

- Eng ine chi p detector
S 

- XMSN chip detector
- Gearbox chip detector

- - Fuel
S - Oil

- Hydraulics
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g. Major component that failed

h. Part name and number of major component

i. Teardown requested (Yes or No)

REVIflW OF HISTORICAL RECORDS AND MAIN-rENANcE PERSONNEL
INTERVIEWS

Aircraft historical record s maintained by several aviation
units of the 101st Airborne Division (Air Mobile) located at
Fort Campbell , Kent ucky , were reviewed, Interviews were con-
duc ted wi th  company and group level main tenance , maintenance

S 

technical inspector/qua l i ty  control , and maintenance manage-
ment personnel , as well as with TSARCOM support personnel , as

S an adjunct to the aircraft historical record review.

The primary objective of this review /interview program was to
identify the means by which operating units arrive at a deci-
sion to remove a major dynamic component without specific
hi gher author i ty  dir ective to do so prior to reaching the
established component TBO. The review procedure encompassed
three steps :

1. Review of the DA Form 2408-5 ,5 the DA Form
24 10 log which provided a convenient record

S of all DA Form 2410 component removals.
All components of interest are DA Form 2410

S ~tems .

2. Extraction of premature removals , excepting
cannibalization .

3. Referral to the DA Forms 2408-13 or 14 or the
DA Form 2404 write-up(s) which preceded the
removal decision .

Step 3 of the records review procedure was combined with the
interview process at the operating unit level to positively
identify the diagnostic devices , procedures , or techniques
that led to the actual removal decision . Emphasis was given to
correlation between the failure code as documented on the
removed component DA Form 2410 versus the reconstruction of the
removal event decision ,

The findings from this review of historical records and related
interviews are :

1. The Table 3 breakdown of removal codes as a
basis for determining failure rates versus
overall removal rates is a valid approach .
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The failure codes used by all the operating unit s
vi~ iteU , as recorded on t l L C  DA Form 2410, are

S at following an attempt to accurately describe the
condition of the failed/degraded component . The con-

S 

dition is sometimes overstated , but the breakdown
between the category 1-6 (failure ) versus category
7-13 (other than failure) appears valid .

2. Institutional memory on the part of the aircraft oper-
ator is a primary basis for diagnosis , with in c t rument
readings , vibration , heat , noise , and scheduled in-
spections being the primary initial indicators eventu-
ally leading to removal . This institutional memory
has several forms . For example , the engine Health
Indication Test (HIT) check serves as a trend analysis
with nonacceptable parameter ranges , instrument read-
ings are in the green or exceed the normal reading ,
components run hott er than normal , pressures are above *

or below normal , vibration levels are above normal ,
etc . While specific skills may be involved in inter-
preting such signs or indications , each of the opera-
ting units visited appeared to be fully capable of
accomplishing such interpretation based on their his-
torical records .

3. The premature removal of a major dynamic component is
not a trivial matter , and a variety of talents are in-
volved in each decision , including the person first
complaining about the time , the technical inspector(s),
the maintenance officers , and frequently the TSARCOM

S technical representative . It must be noted that sup-
ply availability does play a role ; that is, a readily
available spare might be utilized to resolve a “maybe
it should be ”/”maybe it shouldn tt be ” removal decision .

4. A vibration test kit , just now coming into use within
the 101st Airborne Division (Airmobile), provides a
significant increase in aircraft operator diagnostic
capability . Vibration is one of the most difficult
malfunctions to address and isolate. The kit permits
rapid blade track and dynamic balance to be accom-
plished ; and if vibration cannot be brought within ac-
ceptable tolerance through the use of the kit , then
another more basic problem does exist. The kit has
been used by ‘B’ Company of the 158th Aviation Bat-
talion . They obtained their kit in late spring of
1977 , and are still in the application/learning stage
of use. The kit is routinely used in conjunction
with each phase or periodic inspection test flight ,

43

~~~
—--

~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



prior to releasing the aircraft back for routine oper-
ational use . Also , the equipment is used for flight
line evaluation of vibration gripes .

Intensive and continuous training is required in order
to obtain maximum benefit from the vibration test kit
equipment . Benefits which can be realized include :

• More time available for operational fly ing
due to reduced maintenance hours needed
for tracking and vibration reduction .

S • Reduced removal of components failing due
to high vibration levels because of lower
vibration levels attainable through using
the vibration test kit to isolate/eliminate
vibration .

- ‘ These advantages are already being realized by ‘B’ of
the 158th Aviation Battalion and are anticipated by
the 2/17 Cavalry which received its vibration test kit
in October 1977 and is already experiencing positive
results in vibration reduction . Both ‘B’ Company 158th
Aviation Battalion and the 2/17 Cavalry are beginning
to explore the potential for fault isolation/trouble-
shooting . Hands-on training is emphasized as being
necessary for obtaining the benefit that is potentially
inherent in the field use of the vibration test kit
equipment .
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IV. DISCUSSION OF METHODOLOGY

COMPONENT COMBINATIONS AND ELIMINATIONS

S After review and assessment of the available data, information
for similar components and for the same components on different
aircraft was combined . This provided larger samples of both

S the MIRF and DIR data bases for a given component , and hence
a greater confidence in the analysis results. Also, because
some of the initial components that were reviewed lack suffi-
cient DIR and/or MIRF data to provide the parameters required ,
these were eliminated from further evaluation .

Table 8 presents the process of combinations and eliminations
of the initial components under investigation to the final
components on which an analysis of diagnostic effectiveness
was performed .

DEVELOPMENT OF THE CURRENT DA FORM 2410 COMPONENT FAILURE
CHARACTERISTICS

After classifying the DA Form 2410 removal codes into the 13
removal categories , the respective removals per flight-hour
interval were entered onto a format as shown in Table 9. Al-
though the analysis focussed upon categories 1-6 (removals due
to failure) it was necessary that all 13 categories be examined
to identify any removals in categories 7-13 that would have
been initially classified as failures (1—6) had adequate diag-
nostics been available . This information was gathered on both
the new and overhaul components of the type identified in
Table 8. The failure characteristics developed from the cur-
rent DA Form 2410 were therefore based on the composite of
categories 1-6 as identified from the MIRF reports, and are
representative of the current field removal experience .

DEVELOPMENT OF THE “PSEUDO ”-DA FORM 2410 COMPONENT FAILURE
CHARACTERISTICS

The pseudo-DA Form 2410 was developed to display what could
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have been expected if the disa~~ e~iibly inspection capabilities
of Aviation Intermediate Maintenance (AVIN ) or Depot levels
were at the AVUM level . As a result of the analytic teardown ,
the initial reason for removal may be reclassified to present
the exact condition of the component . In many cases , compo- 

S

nents were removed prematurely and upon teardown no defects 
S

were noted . If DIR capability (or optimum diagnostics) had S

been available , then these components could have remained in
service , thus increasing the mean life of that component .

Also , the pseudo-.DA Form 2410 reflects the omission of any ex-
ternally induced removals from the current DA Form 2410 cate-
gory 1-6 failure characteristIcs . If the DIR did reclassify
the removal from a failure (class 1-6) to a maintenance in-
duced removal (class 7), then it was assumed that the DIR
capability at AVUM would have allowed that component to remain
in’ service .

From the DIRs available by component , the DA Form 2410 (field)
removal code and the reason for failure as determined in the
tear-down were classified into the 13 removal categories .
This information then provided the basis from which the matrix
in Table 10 was developed . The flight hours attendant to the
removal action were recorded in the matrix to provide a basis
for determination of the life characteristic parameters re-
quired . If the initial removal from the field was classified ,
say , as an 04 (Diagnostic Instruments) and the DIR found no
defects , then this removal would be classified under the 7-13
(nonfailure ) category column in the appropriate flight-hour
interval and in Row 04.

Once all available DIR data was entered into the matrix , then
the pseudo-DA Form 2410 could be developed . The assumption 

S

was made that the redistribution of the DA Form 2410 data
where DIRs were available would be the same for these DA Form
2410 events when the DIRs were not available . Thus if, for
each category/flight-hour interval on the left side of the
matrix (current 2410 classifications), a determination of the
reclassification categories were made on a percentage basis ,
this distribution would be applicable to all other removals
in the same category . An example of the reclassification
based on the DIRs is shown as follows :
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Total DA Form 
S

2410 Reported
Flight-Hour Removals with Breakdown of DIR % of
Interval DIRs Reclassifjcat ions Total

0-100 10 2 went to Class 03 20
1 went to Class 05 10
2 went t o Class 06 20
5 went to Classes 50

7—13

Utilizing the percentages of the total being reclassified , the
original DA Form 2410 class/flight interval value was redis-
tributed . If going back to the original DA Form 2410 we find
that a total of 20 removals were in category 4, 0-100 flight—
hour interval , then these 20 would be reclassified into a
pseudo-DA Form 2410 as follows :

20 % or 4 would go to class 03 ( 0 — 1 0 0 )
10% or 2 would go to class 05 ( 0 — 1 0 0 )
20 % or 4 would go to class 06 ( 0 — 1 0 0 )
50% or 10 would go to classes 7-13 (0—100)

Note that the removals going to classes 7-13 now leave the
failure categories , and therefore could have remained in ser-
vice . This process was continued until the pseudo-DA Form
2410 was complete for all DIR data available on that component .

The resulting values of the failure categories (class 1-6) for
both the current DA Form 2410 and the pseudo-DA Form 2410 were 5

then entered onto the format shown in Table 11. This compari- S

son of the removal distributions provided a means for quick
determination of which failure classifications present the
greatest potential for a change in diagnostic capability . The
summation of the removals by flight interval also provided an
indication of the number of premature removals that had been
assessed as failures on the basis of the current diagnostic
devices/techniques . It was next necessary to redistribute
these premature removals forward over time to the flight-hours
at which they would be expected to be removed if AVUM had full
diagnostic capability . A statistical procedure was developed
to provide an estimate of this additional time that the pre-
mature removals would have remained in service . This procedure
is described in the following paragraphs .
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ALGORITHN FOR REDISTRIBUTION 01’ COtIPONENT LIFE CHARACTERISTICS
BASED ON DIR REVIEW

A DIR either confirms or contradicts an AVUM f inding of fail-
S ure . Where it contradicts , it becomes of interest to det ’~r-

mine how much l ife was abbreviated through improper diagnosis .
This section sets forth the mathematics to estimate the im-
provement in equipment service life that would have occurred
if DIR diagnostic capability had been provided at the Aviation
Unit Maintenance Level.

From the DA Form 2410 generated by AVUIVi, we have n’(j~ 1the number of equipment removals for “failure t’ in ~he j ’
~ 100

flight-hour interval. Prom the DIRs conducted on equipments
-- fall ing into the 1th interval because they were designated as

“fa ilure ” by AVUM , a certain proportion , say p ., were found
S to be

~~
ree of defect. Thus , the number of valid removals in

the j interval is given by n -  ( 1 -p. ).  Assuming that the pro-
portion p- were returned to se~vice ,~ it is necessary to coor-dinate th~ extra life that would be experienced . This extra
life thus becomes a measure or baseline upon which to measure

C effectiveness of diagnostic devices , procedures , and tech-
niques .

Let f. equal the fraction of equipments remc~ied by AVUM in the
S 

~
th Hight-hour interval; viz ,

n
i nj

f• ~~~~~~— and
J ~1

~ n-c
jo]. ‘~

.~~~~~. 
ni

R~ 
1’- ]

n C

equal the fraction of equipments which are not removed by AVUM S

prior to lOOj flight-hours (the fraction of equipments which
survive the interval).

With the above definitions , we are now in position to esti-
mate the influence which DIR capability at the AVUM level
would have on the distribution of f l ight-h~~ rs to removal . S

Given that an equipment has survived the i interval , it fol-
lows by def ini t ion that
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R1

is an estimate of the probability that the equipment would be
S removed by AVUM for “failure” in the ~~~ interval , 1~~ j~~

\1.
S Since 

~~~~ 
is the number ~f AVUM “failures” found free of de-

fect by t?ie DIR in the 1tiL interval , we can redistribute them
S 

in accordance with

f .
— J i+l , 1+2 ,..., .
R
i

Likewise for those in the (i+l)th interval found free of de-
fect by DIR , i.e., P1+l n~~ j, we redistribute them in accor-
dance with

Rj+l

Continuing in this manner , the number of ~IR failure contra-
dictions in the intervals prior to the j~ 

interval will sum
to

S 
j-l f

~
nipi

i~1 R1

for reentry into the failure distribution by AVUM in the i
th

interval . The AVUN “failures” flontradicted by DIRs are sub- S

tracted from removals in the 
~~~~~ 

interval. Thus, on the re-
distribution of failures brought about by DIR review we
say , m ’ as an estimate of the number of failures in the ~interval .

j-l nipi
m . n’ Cl-p.) + f .  £ _ _ _ _

J 3 ~ ii]. Rj

The pseudo-DA Form 2410s developed through the above algorithm ,
as well as the routine DA Form 2410 data, were plotted on Wei-
bull paper to obtain estimates of the Weibull A (scale) and
B (shape) parameters; from the A and B values , estimates of
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component mean lifc (~&) and the probability of surviving one-
half the mean life PCt~/2) were determined using the AMSEC data
transducer algorithm . Appendix B provides the Weibull plots
for both the current and pseudo-DA Form 2410 distributions of
the components evaluated in the analysis .

APPLICATION OF THE ANALYTICAL METHODOLOGY FOR SYSTEM EVALUATION
AND CONTROL (A.MSEC)

The steady-state version of ANSEC was utilized in this analysis
on the assumption that the aircraft/components under investi-
gation are those which have been in the Army inventory for
some time . The ANSEC methodology provided , for both the cur-
rent and the pseudo-DA Form 2410s (i.e., for existing and for
“perfect” diagnostics at AVUM ) , the component reliability ,

S availability , and l i fe cycle support cost.  It thus made pos-
sible a direct , quantitative evaluation of the potential for

S improvement of the current diagnostic techniques and procedures .

A breakdown of the required input for the steady-state version
of ANSEC by aircraft/component is provided in Table 12. The

S bas ic inputs that defined the l i fe  characteristics of the com—
S ponent ,h& and P(~4/2), are provided for both the current and

pseudo-DA Form 2410 calendar hours and man-hours for component
replacement , along with material replacement/overhaul costs ,
are also provided as direct inputs into AMSEC . These esti-
mates were determined from and were assumed to be the same for
both the current and pseudo-DA Form 2410 AMSEC analyses . Cost
per man-hour for maintenance on all components was input at
$i5 per hour . A mission duration of 1.8 hours was assumed ,
along with equipment service time of 6480 hours based upon
the present average utilization of approximately 27 hours!
month for 20 years of service .

It should be noted that the only cost associated with compo-
nent failure was the direct operating and support cost (compo-
nent replacement/overhaul cost and man-hour cost for replace-
ment). The AMSEC will also deal with other costs of failure ,

S such as those associated with loss of life or equipment or a
lost mission . This analysis could be readily expanded to in-
clude these costs if the Army wishes to place a value on them .

The results of the ANSEC analysis , in the form of a direct
comparison of the R/A/C differences , or “deltas” for current
and improved diagnostics , are presented in the next section .
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V.  CONCLUSIONS AND RECOMNENDATIONS

POTENTIAL FOR R/A/C IMPROVEMENT THROUGH IMPROVED DIAGNOSTICS

Table ‘13 is a composite display of the results of the two sets
of AMSEC computer runs . As described in the preceding section ,
an AMSEC analy sis wa s made of each of the componen t s under in-
vestigat ion for each of two cases :

1. The current field diagnostic techniques and pro-
cedures were assumed appl icable , so that the
life/removal characteristics of the components
represented current , de facto removal history .

2. An improved f ield diagnostic capability was
assumed to be operative , with an effectiveness
corresponding to the DIR capability , so that
the life/removal characteristics of the com-
ponents represented the removal history that
would be expected under near-perfect diagnos-
tics.

When input data were available , the AMSEC runs were made on
both new and (singly) overhauled versions of each component .

Table 13 displays , for each component , the AMSEC-projected
Mean-Time-Between-Unscheduled-Removals (MTBUR); the component
reliability for a 1.8-hour mission ; the component availability;
the spares requirements over its operating l i fe ; and the direct
operating and support cost in dollars per f l ight  hour over the
operating life . For convenience in comparing the costs and
the MTBUR , two additional column s are provided showing the
percent improvement in using the DIR removal criteria .

It will be noted that all components examined show a net im-
provement in both life-cycle costs and MTBUR . Where data on
both new and overhauled items are available , the relative im-
provement is greater for the overhauled version . The greatest
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dollar improvement (in both relative and absolute terms ) is
shown for the CH-47 B/C engine , T55 L7C , with over 25 percent
reduction in cost from $90 / Fl - I  to $ 6 7 / r H . For all components
examined , the average cost is reduced from $ 6 0 . 7 6  to $ 5 6 . 2 4 ,
or 7.44%,

Both reliability and availability are improved for all compo-
nents. The magnitude of improvement for an individual compo-
nent is not as significant in appearance as the cost reduction ,
but its importance should not be overlooked. For example ,
the reliability for the T55 L7C engine (overhauled) increased
from .9930 to .99149.~~,These figures can be expanded by a
rough rule of thumb -~~. to show , for an entire aircraft drive

- 
train , reliabilities of .9595 and .9613 respectively . Out of
1000 missions , 41 would be expected to encounter a drive train

5 - failure which could in turn result in a mission or flight
5 abort condition . With improved diagnostic (improved technique ,

additional monitoring devices , etc.) this figure would be re-
duced to 39 failures .

The cost savings by individual component becomes quite signifi-
cant when multiplied by the cumulative number of flight hours
logged by the specific aircraft system . For example , the
total flight hours reported on the OH-58A for Fiscal Year 75
(FY75 )  amounted to 315 ,7 2 0 .  Applying the respective cost
savings through improved diagnostics by component and type
would yield the following potential dollar savings during
this period of time :

Potential
Dollar Savings

OH—58A Engine (New) $1,853 ,276
OH—58A Engine (Ovhl ) 2,358 ,428
OH-58A Main Transmission 820 ,872
OH-58A Tail Rotor Gearbox (New ) 47 , 358

If it was assumed that the eng ine , transmission and tail rotor
gearbox were all new in the OH-58A during this time period ,
then a maximum cumulative cost savings of $2 ,721 ,506 could be
realized on the OH’-58A during FY75 by implementing improved
diagnostics on these components.

VUsing the results of an earlier COBRO analysis of the CH-47
(TR 9-8 , 16 September 1975) , the R for the eng ine was found to
be .9969 , and for the entire aircraft .9633. Using this same
ratio , the R for the present aircraft configuration can be es-
timated to be .9663 for the total aircraft .
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The reader is referred to CQBRO TR9- 14 , ~“AMSEC User ’s Guide ,”
June 1976 , for ~ full description of the methodology used in
the analysis presented in Table 13.

VALIDITY OF CURRENT DIAGNOSTIC DEVICES/TECHNIQUES/PROCEDURES

Each of the field-removal cases for each component under in—
vestigation was studied to determine the primary indication of
trouble which triggered the removal , as set forth in the EIRs ,

5 and to determine the relative val idi ty  of these removals in
light of the later DIR findings . From this it is possible to
display the relative effect iveness of each of the diagnostic
techn iques for removal decisions . The resul ts  of this  analysis
are tabulated in Table 14 for each component . The valid re-
movals are defined as actual component failure due to either
intrinsic or extrinsic modes . The Invalid removal column in-
dicates the number of removals that showed no defect of the
component upon teardown and could have remained in service .
The unknown primary indicators were also included in the
table to provide an overall picture of the relative effective-

4 ness of the current diagnostic procedures/devices/ techniques
by component . Some of the significant f indings provided in
Table 14 are as follows :

• The dominant indicators for removals for all engine
types are : unusual noise , chip detector , fluid leak-
age and Foreign Object Damage (FOD). Of these m di—
cators ,

“Noise ” was valid 86% of the time
“Chi p Detector ” was valid 82% of the t ime
“Fluid Leakage” was valid 100% of the time
“FOD” was valid 85% of the time

• Engine removals generated by AOAP indicates a high
credibility of this diagnostic capability with a
90% valid removal rate .

• All removals of the engines generated by visual in-
spection were found to be valid , indicating that the
most reliable technique is the actual inspection of
the component .

• Transmission data was quite limited with most re-
movals (8) being generated by visual inspection ,
which was 75% valid .

• Ch ip detector removals for the transmissions were
valid 6 6 %  of the time as compared with the 8 2 %  valid
for the engines .
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• The removals generated by AOAP against the gearboxes
indicate a low diagnostic capability for these com-
ponents with only 45% effectively valid .

• Removals generated by the chip detector in the gear--
boxes also indicated a low capability with only 50%
valid as compared to 66% for the transmissions and
82% for the engines .

RELATION OF PRIMARY FAULT INDICATORS TO DEGREE OF DAMAGE

It becomes significantly important to link the current diag-
nostic indication to the resulting degree of damage or loss
of mission effectiveness resulting from that indication .
Table 15 presents the percentage of the Primary Fault Indica-
tors by component that generated the degree of damage in terms
of mishap classifications . Significant findings in this table
include :

• Unusual noise was the leading diagnostic indicator
for engine mishaps resulting in an average of 36%
of the primary indications that led to a damaging
ef fec t  upon the aircraft .

• Engine chip detectors were responsible for an aver-
age of 17% of the initial, indications leading to a
precautionary landing , while comparatively , trans-
mission chip detectors were responsible for 52%
and gearbox chip detectors 6 3 % .

VALIDITY OF REMOVAL AUTHORIZATIONS

Table 16 provides a display of the number of removals that
were made , for d i f ferent  components , by virtue of d i f ferent
types of authorization ; for each of these groups of removals ,
the table indicates the number and percentage of those which
were valid .

For example , for the OH-58A engine, a total of 242 removals
were made . Of these , 76 were authorized by EIR and were 7 3 . 7 %
valid ; 36 were authorized by TSARCO M directive and were 100%
valid ; 46 were authorized by USAAAVS and were 84.8% valid; and
84 were authorized by AOAP and were 7 1.4 % valid .

Out of 798 removals included in Table 16, 72.3% were valid .
Those authorized by TSARCOM directive and by EIR proved to
have the highest average validity , 74.7% and 74%, respectively.
The removals authorized by AOAP showed the lowest validity at
65.7%
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TABLE 15. PRIMARY FAULT INflICATORS BY
MISHAP CLASS

Mishap Class First Indications Mishap Class First Indications

AH—lG 6 CJH—IH Engine , Percend Percent
T~ 3Ll3A/B

Total Loss RPM warn. instr . 31.251 Precautionary RPM warn , it. 1.7
Faulty operation ’ 18.75 landing Fuel 1.1
Unusual noise 18.75 (cont ) Fluid leakage 1.1
Unusual att4-tude 6.25 RFM warn, audio .8
Vibration 6.25 Smoke or fire .8
Undetermined 6.25 XMSN chip det. .8
Other personnel 6.25 ______________________________________

AH-IG S U}f-1H Main TransmissionsMajor sub- Unusual noise ~7 . 0
stantial Mstr . warn . lt 23.5
damage Vibration 11.8 Precautionary Mstr . warn . lt. 66.0

landing Odor 3 3 . 0Faulty operation 11.8 ______________________________________
Annunciator pane. 5.9 AH—lG S UH-lH 900 Gearbox

Minor Faulty operation 100.0 Major sub- Gearbox chip d~o . 50 .0
Incident Unusual noise 50.0 stantial Vibration 50.0

RPM warn. instr . 10.0 damage
Mstr . warn , it. , 10.0
RPM warn . it. 10.0 Incident Faulty operatior-. 100.0

Faulty operation ! 10.0 Precaut ionary Gearbox chip det. 53. 5
Annunciator pane0~ 10.0 landing Mstr. warn . lt. 29.

Unusual attitude 2.7Forced Unusual noise 31.8 Un usual nois e 2. 7landing RPM warn . instr. 22.3 Fluid leakoge  2 . 7Faulty operation 12.8 Annunciator panel 2. 7Vibration 10 .6  _____________________________________—
Unusual attitude 6.t&
Mstr . warn , ~~~~~. 6.4 OH-58A , Engin e
RPM warn . l t.  5 . 3 Total loss Unusual noise 50.0Other 1 .1
Smoke or f i re 1.1 Faulty operation 25 .0

Annunciator pni . 25.0Annunciator pane 1.1
Voice warning 1.1 Major sub- Unusual noise 40.0

stantial RPM warn. instr . 30.0Precautionary Mstr. warn , it. 19.9 damage Faulty oper. 20.0landing Unusual noise l9.’A Mstr .  warn , it. 10.0Faulty operation 13.9
Eng. chip det . 11.9 Incident Unusual noise 25.0
RPM warn. instr. 10.0 Faulty oper. 12.5
Oil 5.3 Eng. chip det . 12.5
Annunciator pane 5.0 RPM warn , it. 12.5
Odor 3.6 Vibration 12.5
Unusual attitude 2.5 RPM warn. instr . 1 2 . 5
Vibration 2.2 Unusual attitude 12.5
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TABLE 15 (Cont)

Mishap Class First Indications Mishap Class First Indications

~OH- S8A. Ensine (Cont) CH-47B/C Aft , Fwd 6 Eng . XMSN ’s
Percent Percent

Forced Un usual noise 25 . 7 Forced Unusual noise 100.0
landing RPM warn. inst . 22.9 landing

Faul ty opera t ion ’ l0’4
Ms tr. warn , .~~~. 9. ’4 

Precautionary XMSN chip det. ‘46.1

Un usual attitude ~~~~~ 
la nding Mstr. warn , it. 38.5

Vibra tion 5.2 Unu sual noise 7 . 7
Vibration 7.7RPM warn , audio ‘4 . 2

Eng. chip det. 4 .2
RPM warn , it. ‘4.2 CH~ ’47B/C Engines , TSSL 7C 6 TLS L4L11A

Annunciator panel 2.1
Fluid leakage 1.1 Precautionary Ersg . chip det. 21.6

Odor 1.1 landing RPM warn. inst’. 2 1. 6
Oil 1.1 Unusual nois e 18.9

Smoke or fire 1.1 Faulty operation 16.3
Ms tr. warn , it. 13.5

Precau tionary RPM warn. instr . 20.3 Fluid leakage 5 , 14

landing Eng. chip det . 18.1 Vibration 2.7
Faulty operation 15.9
Ms tr. warn , it. 15.2
Unusual  noise 8 . 0
Annuncia tor panel 8.0
Fluid leakage 3.6
Vibration 2 . 9
Smoke or fire 2.2
Unusual attitude 2.2
Oil 2 . 2
Fuel .7
RPM warn , it. .7

OH-5 8A Main Transmission

Precautionary XMSN chip de t. 58.8
landing Mstr . warn , it. 29. ’4

Annuncia tor panel 5.9
Faul ty operation 5.9

OH-5 8A T/R Gearbox -

Precau tionary Gearbox chip de t. 66. 7
landing Mstr . warn , it. 33. 3
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For all reasons for  removals , it becomes significant to note
the following percentages of valid removals for the generic
components:

Engines - 77% Valid
Transmissions - 62% Valid
Gearboxes - 54% Valid

These percentages tend to support existing views on the cur-
rent diagnostic capabilities of these generic components. Al-
though eng ines possess a relatively higher removal validity
percent than transmissions and gearboxes , a determination of
the minimum acceptable level of diagnostic capability within
the constraints of mission effectiveness , safety and cost may
indicate that even this relatively high f igure is too low .
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RECOMMENDATIONS

On the basis of this study , the following recommendations are
offered :

Expanded E f f ort t o Optimize Dollar Savings through Preclusion
of Premature False Removals by Improving Diagnostic Effective-
ness

The objective of this analysis was to determine the effective-
ness of the current diagnostic procedures , techniques and
devices of the components under study . The results provide a
very significant basis for continual investigation of the pre-
sent removal criteria at the unit maintenance level correlated
with the depot feedback of valid versus invalid removal .

The data reviewed under this analysis indicates that a very
large number of aircraft major items are in the depot over-
haul facilities for reasons other than meeting TBO . For in-
stance , of the total UH-lH , prior overhauled T53L13A/B engines
that were sent to depot overhaul for the period 1 Jan 1964
through 1 July 1976 , 67% were premature removals. Based upon
the sample DIRs for the same component , it was determined
that 73% of the removals were actually valid . If one could
assume that the DIR sample is representative of all premature
removals for the T53 engine , then an estimate of 27% of the
engines would have shown no defects and could have remained
in service. The cost savings as provided through the AMSEC
results are approximately $5.00 per operating hour . Multiply-
ing this figure by the estimated 500 ,000 flight hours being
logged per year on the UH-1H would yield a cost savings of
$2 ,500 ,000 per year generated by invalid engine removals . Ap-
plying this same philosophy across the board for all major
items on all Army aircraft systems would introduce phenomenal
savings to the Army . Therefore it is strongly recommended that
the Army institute a program to complete the feedback loop from
the depot overhaul facilities so that the relationship of unit
removal criteria versus the valid-invalid removal result can
be determined by component for the major Army aircraft systems .
These results would then provide the basis for focussing upon
the most sensitive diagnostic discipline , whether it be im-
proved devices or additional techniques and procedures in the
maintenance concept . These findings in turn would be used to
optimize the dollar savings while improving mission reliability
and availability with minimal initial research and development
expenses to the Army .

Extension to Cover Field Diagnostic Errors of Omission

The analysis described in this report is based on a comparison
of equipment condition as it is diagnosed in the f ie ld  and as

~ 

- 



~

it is diagnosed under engineering teardown and inspection .
However , the only components which are subjected to the lat-
ter examination are those which were removed due to some indi-
cation of malfunction as determined by the unit level mainten-
ance . Those components which , in the opinion of aviation unit
maintenance should not be removed are not subjected to the DIR
procedures , so that errors of omission by aviation unit main-
tenance are not caught. It is suggested that a plan be designed
to draw , from those field components which are not thought to
require replacement , a sample of components which would be for-
warded to depot for analysis . For those components which , in
the opinion of engineers , should have been removed from ser-
vice earlier , an algorithm can be developed analagous to that
described in the preceding section to determine when they
should have been removed if AVUM had 100% effective diagnos-’
tic capability.
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TA~ L~ A- . ~-~~JC- F~ COMP OU 1~T RE~~Y.’A~

01 QUALITY CONTROL

Defective Material

02 OBSERVATION

Broken or m a l f u n c t i o n i n g
03 MEASUREMENT

Out-of-tolerance

04 DIAGNOSTICS , IN STR UMENT S
Status tests , measures

05 SEALS , LEAKS
Excessive leaking

06 FAILURE

Physical break , rupture , seizure

07 MAINTENANCE
Erroneous actions

08 ENVIRONMENT
Foreign object contamination

09 CRASH , BATTLE ACCIDENT
Physical damage during encounter

10 OPERATIONS
Overstress

11 OTHER

Not covered by above

12 MAINTENANCE
Scheduled actions

13 SUPPLY/CONVENIENCE

Administrative , erroneous actions
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TA BLE A-2  C O u n t )
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21—Ooll i si on 10 318— 31-:w dc—acceleration C

223-Def -tmmed 2 32 0-H i gh voltage brea,<d:wn 2
223—Manuf acturer defect 1 332—Excessive hum 2
233-2 irt ’ ‘7 33C._Teyrjpprat~~re incorrec t -

231—El ongate d 3 325— Im p rope r loading C’

32-Enc p ta’; excessive 3 326— Imoroper operation 10
233-Erratic 2 337—imD roDerly servo cec
235— Er ’,’ 2 338—M alfunctioning
223 — 33 tro lock S -0—Installed im:roperl’/ 7
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— 
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2 C ,. ~~_ 0 ’F ”

e 1—F ~ i .ed to -op erate 2 ir .t:ostion error -

2C — Im:r-;pcrl-.’ machined I 3” 6— Mis a lL g n eo
2 3— 7—Mis3tandl ed 7
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OABLE A— 2 ( un ’t)

Field Pem c’.’s l  Re moval  Fi-~j~ R e ’  - .- : l  Removal
Code C-s t ag-c rc ode O s t e g o r

3 8 7 — L o w  :- r f cr m an c e  4 5 3 6 — R e s i s t s - c e  l w  3
394—St oc k ind icat o r needle “ 5 7 3 - R u s t y

m i s s i l e  ~sug-s 571—RPM t -  - h i gh ‘4

3 9 6 — O il b r e a t h i n g  excess ive  5 5 7 2 — R P M  t oo  ;w ‘4
337— -Oil cons umpti on low 5 57u—RuLbin ~
3 9 3 — 2 1 1  c o n s c m n p t  ion excessi v e 5 57 5 _ P u : t - C r c :
3 9 9 — - O i l  c o n s u m p t i o n  hi gh 5- 31—3 eil broken
L. J 5_ O i I  p r e s s u r e  e r r a t i c  ‘4 532—Seal 10ski:~~— 0 7 — O i l  s c a v e n g in g  e r r a t i c  6 3 3 — C o u p e  pr esentation ,
4.06—Oil 1 -sm:erature ‘~~w C i n c o r r e c t / S a u l - t v  C
4-29—Oil tem :era ure high 563— 3hattered 2
413—Lack :i lubrication 5 5 6 5 — S h e - a r e )
3 1 5 — - O u t  of r o u n d  3 3 0 3 — O i l  in i n d u c t i o n  s c ot - s m 2
e20— Mc ist u re saturation 3 537—Di stort i on
4 2 5 — N i c k e d  2 3 2 2 — W e t
— 3 2 — 2 1 1  saturation 5 523— Tn serticn loss =
4 3 7 — O p e r a t i n g  e r r o r  10 3 2 5 — I m p r o p e r  t i oC  3
-3 8—P t -cr -workmanship 7 3 3 5 — :r n p r~~cer c ir o u l a r
~~~5 — N o  fe f e :t i ’ , e  p a r t —  13 637—Improper thick’cesa 3

removed in troubleshoo t— S o O — S l i ppage 3
i ng 5 4 5 — S p u r i o u s  13

~52- —2:en 2 353—Stick y
‘43 7—Os c il l ating 2 552—:mcro :er osei ght

too hi gh - 5 5 4 — r ,pro:er viscosity 3
to-u low ‘4 35-6 — -C -c t of f2~ t 2

— 5 3 — ut :ut n:n e 659—Improper bar-/ness
‘ .‘ers:ee-t 13 6 6 0 — S t r i p p e d  2

435—Poll ed ‘Jar 3 331—Temperature too hi gh ‘4

-. 2 — F o c e  b l o w n  2 652—Temperature too low -

4 ’3— eal blo w n S 666—Twisted 2
4 3 0 _ O v e t h e s -t ed 3 37-3—Unbalanced

~ ? 2 — 3 c - u f f e d  2 6 8 0 — U n s t a b l e
~ 37—2esi-gn deficie nt I 582— O ut of  position
431—Overheats 3 654~ Improper dat-urn 3
5C0— -Overlubrioated 7 6 3 6 — :m : r o - c er  t r a c k i n g  3
32-3—S udden at:: 3 s3” —:rnpro :er rate /e:e-n:—
E~I9-S:al1ed S ency 3
513—5’ alls—-:-om:ress-c r 33S— mpr-tper UG response 3
SIt_ Surge: 530— ii_’raticn excess:-,’e
3 3 — P i tte: 5 3 3—A - - fit faulty --
5 2 3 — P r e s s-or e  t o o  n i a n  — 721— ksr :et 2
5 2 — — P r e s a - : r - s  t oo  l o w  — 03—Ior r-ocer a - : i t - : : e  3
525— Pressu r ’--—n :ne -. 7) o— Im oc --::~~:’ :‘ t s n  at ,1 n  3

~~~E — 6 s ’ .- - o /  3;eoi fief 
-

S )6-Ttif’ s :
5 5 1 — H i g h  t i m e  12 :3— :raoc-e-d or sal --aged 13
5 5 1 — O n - ab l e  l I m i g S l~~~5esi - u - ’ : 5 . 5 1  re
567—?e~ istan:-s ni gn 12— r ash :oosge 3
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73 1—Sent 2 33 —Low :0-war ( e l e c t r o n i c )  —
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APPENDIX C
LIST OF ACRONYMS

A - Scale parameter of the two parameter Weibull probability
• density function

ANSEC - Analytical Methodology for System Evaluation and
Control

AOAP - Army Oil Analysis Program

ATL - Applied Technology Laboratory

AVIM - Aviation Intermediate Maintenance

AVRADCOM - Army Aviation Research and Development Command

AVUM - Aviation Unit Maintenance

B - Shape parameter of the two parameter Weibull probability
density function

D&CM - Diagnostic and Condition Monitoring

DA - Department -crf the- Army - - -
DIR - Disassembly Inspection Report

EIR - Equipment Improvement Recommendation

FIT - First Indication of Trouble

HIT - Health Indication Test

MIRF - Major Item Removal Frequency

MTBUR - Mean Time Between Unscheduled Removals

OgS - Operational and Support

QC - Quality Control

R/A/C — Reliability/Availability/Cost

RAN/LOG - Reliability Availability Maintainability/Logistics

RANNIT - Reliability and’ Maintainability Management Improve-
ment Techniques
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APPENDIX C (CON’T)

TAMMS - The Army Maintenance Management System

TBO - Time Between Overhaul

TSARCOM - Troop Support and Readiness Command

USAAAVS - United States Army Agency for Aviation Safety

USAATL - United States Army Applied Technology Laboratory

XMSN - Transmission
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